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Abstract 
Behavior of adsorption, desorption and oxidation of Cr(III) on birnessite was studied in this paper. The results 
showed that the total adsorption amount of Cr(III) increased with increasing the amount of Cr(III) added, and the 
adsorption process could be well described by Langmuir equation. The concentration of Cr(VI) which was produced 
owing to the oxidation of Cr(III) increased with increasing the initial concentration of Cr(III) added, while the 
oxidation rate decreased. 
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1. Introduction 
Chromium is one o f the main toxic heavy metals in the environment. In  the recent years, a large 
quantity of wastes containing chromium has been direct ly discharged into the environment without 
treatment. These wastes including waste water, waste residue and waste gas were produced from 
electroplating, chemical engineering, print ing and dyeing, and leather industries. Consequently, soil, 
water and organisms suffer from chromium pollution to various extents. Human may be exposed to 
chromium through food chains, thus causes severe health issues. Common forms of chromium in the 
environment are chromite and chromate, and hexa-value chromium has strong toxicity to human, crops 
and domestic animals. These years chromium po llution has been greatly concerned and ranked as a major 
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prevention and control object by many countries. Therefore, it is of great ly theoretical and practical 
importance to study the chemical behavior of chromium in the environment  [1]. 
Although some studies on the chemical behavior of chromium in soils have been documented, their 
application has been limited owing to the great variations of soil properties  [2,3]. As the important carriers 
of heavy metals in  soil,  Fe-Mn oxides and their hydrates have not only good surface activity and 
purification ability, but also have oxidative degradation capacity to organic pollutants in soil. Thus these 
minerals show wide application perspective in the remediation of soil po llutions due to their advantages 
of low-cost and without secondary pollution., The interactions between iron-manganese oxides and heavy 
metals have greatly attractive interests [4~6]. However, few reports on the interaction between birnessite 
and Cr(III)/Cr(VI) ion have been found. The study on their interaction mechanis ms and influencing 
factors can not only realize the effect of birnessite on the speciation, transportation, transformat ion, 
bio-availab ility and toxicity of chromium ion, but also may  develop the theoretical system of soil 
environmental chemistry. In this paper, the behavior of isothermal adsorption and desorption, and 
oxidation of Cr (III) on birnessite surface were studied. It  aims  at to reveal the behavior o f environmental 
chemistry of manganese oxide in soil and sediment, and to support the remediation of Cr-polluted soils 
using oxides minerals. 
2. Materials and methods 
2.1.  Syntheses of birnessite 
Birnessite was synthesized accirding to the method of Feng [7].  
2.2. Isothermal adsorption and desorption experiment 
2.2.1. Isothermal adsorption experiment 
In the batch experiment, each of 50 molL-1 Cr(NO3)3 solution was put into a series of 25-mL 
centrifugation tubes with stopper, adequate amounts of 0.5 molL-1 KNO3 were added to maintain an ionic 
strength of 0.05 molL-1 and a series Cr(III) concentrations of 0, 1.0, 2.0, 4.0, 8.0 and 16.0 mmolL-1, 
respectively. The pH of each series of above solutions was then adjusted to be 5.0 separately by adding 
0.1 mol· L-1 HCl solution or 0.1 molL-1  NaOH solution. The final solution volumes were kept at  20.0 mL 
by adding de-ionized water. Then 0.200 g birnessite was added into each of the above solutions after 
continuously bubbling with pure argon for 15 min to remove O2. 
The reaction solutions were capped and shaken for 24 h at (298.2 ± 0.5) K. After the reactions 
approached to equilibrium, the reaction solutions were centrifuged at 4000 r/min for 30 min, and then the 
supernatants were taken to determine the amounts of total chromium and Cr(VI). 
2.2.2. The measurement method of chromium in the supernatants  
Except the adsorption reaction, redox react ion was also involved inevitably, so both the oxidation state 
Cr(VI) and reduction state Cr(III) existed in  the supernatants. They were determined separately. The 
amount of Cr(VI) was analyzed using dipehenylcarbohydrazide spectrophotometry method (Environment 
monitoring and analysis composing team, 1986); And the total amount of Cr was analyzed by digestion of 
supernatant with concentrated HNO3-HClO4 fo llowed by atomic absorption spectrum method. The 
amount of Cr(III) in supernatant was obtained by subtraction of Cr(VI) from the total Cr amount. 
2.2.3. Isothermal desorption experiment 
Twenty milliliters of 0.1 molL-1 NaF solution as desorption agent was added into centrifugalizat ion 
deposit after washing 2~3 times by de-ionized water. Then the same procedure described above was used 
to examine the concentrations of Cr(III) and Cr(VI) desorbed. 
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2.3. Data processing of characteristic parameters 
Since the reaction involved adsorption and redox reaction simultaneously, it couldn’t be separated 
simply. The adsorption amount, adsorption rate, desorption amount and desorption rate were calculated 
according to total amounts of adsorption and desorption, while the oxidation amount and oxidation rate 
were calculated according to the concentration of Cr(VI) in solution. The adsorption amount (Qe, 
mmolkg-1) and adsorption rate (X) can be calculated as follows. 
W
CCVQ ee
)( 0  
                                      (1) 
%100)(
0
0 u 
C
CC
X e
                                  (2) 
where C0, Ce (mmolL-1), V and W (kg) are the init ial concentrations of Cr(III) added, the equilibrium 
concentration of total Cr, the solution volume and the mass of adsorbent, respectively. 
The desorption amount (S, mmolkg-1) and desorption rate (T) can be calculated as follows. 
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where Cj (mmolL-1) was total Cr concentration in desorption agent. 
The oxidation rate (K) can be calculated as follows. 
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where C3 (mmolL-1) is the equilibrium concentration of Cr(III) in the solution. 
3. Results and discussion 
3.1.  Characteristics of isothermal adsorption of Cr(III) on birnessite 
The characteristics of isothermal adsorption and oxidation of Cr(III) on birnessite under the conditions 
of 298.2 K and pH 5.0 are shown in Tab les 1 and 2. From Table 1, it can  be seen that the total adsorption 
amount of Cr increases with increasing the in itial concentrations of Cr(III) added. The relat ionship 
between them can  be well described by Langmuir equation, and the correlation coefficients all reached 
95% significance level (R2 = 0.962 1, n = 5). The maximum adsorption amount (Qmax) and adsorption 
constant (k) can be obtained as 0.1275 molkg-1 and 267.7 accord ing to Langmuir equation, respectively. 
However, the adsorption rate gradually decreases with increasing the in itial concentration of Cr(III) added. 
Birnessite surface has slight solubility, the heavy metal chromium may form micro lite mineral on the 
surface, so chromium ion can be easily adsorbed on birnessite. 
The desorption amount basically increases with increasing the initial concentration of Cr(III) added, 
and the desorption rate changs in term of single apex type line. When the init ial concentration of Cr(III) is 
low (1-4 mmolL-1), the desorption rate increases fast, and reaches the maximum value (25.7%), while the 
adsorption rate gradually decreases when the initial concentration of Cr(III) is higher than 4 mmolL-1. 
Table 1 The characteristics of isothermal adsorption and oxidation of chromium ion by birnessite ˄ pH5.0ˈ298.2 K  ˅
 
Initial 
Cr(III) con 
Equilibrium 
concentration 
Equilibrium 
concentration 
Adsorption 
amount of 
Adsorption 
rate of 
Oxidation Desorption Desorption 
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-centrations of total Cr of Cr(VI) total Cr total Cr rate amount rate 
(mmol·L-1) (mmol·L-1) (mmol·L-1) (mmol g -1)   (mg g-1)  
1.0 0.745 0.659 0.0255 25.5% 65.9% 0.0029 12.8% 
2.0 1.48 1.208 0.052 26.0% 60.4% 0.0067 14.6% 
4.0 3.40 1.590 0.060 15.0% 39.7% 0.0119 25.7% 
8.0 7.26 2.795 0.0745 9.25% 34.9% 0.0084 18.4% 
16.0 14.88 4.082 0.112 7.00% 25.5% 0.0391 15.0% 
Table 2 Model equations of relationship between adsorption amount and concentration of Cr(III) ion 
 
Model equations Equations 
Linear equation  Qe=aC+b Qe =5.032C+0.0336          R2=0.929 4 
Logarithm equation  Qe=aLnC+b Qe =0.0282LnC+0.221        R2=0.942 9 
Freundlich equation Qe=aCn Qe =0.817 9C0.04789           R2=0.930 4 
Langmuir equation  
1/Qe=˄1/˄kQmax˅˅1/C+1/Qmax 
Qe =0.03(1/C) +7.845         R2=0.962 1 
where Qmax was the maximum adsorption amount(mol·kg-1). aˈbˈn were constants,.k was adsorption 
constant. C was original Cr(III) concentration(concentration was converted from mmol·L-1 to mol·L-1 
scale) 
Fig. 1 shows that both of the equilibrium concentrations of Cr(VI) and Cr(III) increase with increasing 
the amount of Cr(III) added initially. A significant linear relationship between the equilibrium 
concentrations of Cr(VI), Cr(III) and the concentration of Cr(III) added initially can be obtained, and 
expressed as Eqs. 7 and 8. 
C6 = 222C0 + 0.690 3 (R2 = 0.973 0, n = 5)                        (7) 
C3 = 0.7277C0 – 1.026 (R2 = 0.996 0, n = 5)                       (8) 
 
 
Fig. 1 Effect of the initial concentrations of Cr(III) and temperature on oxidation of chromium ion by birnessite 
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However, the concentration variations of Cr(VI) and Cr(III) show an obvious difference as can be seen 
from Fig. 1. The former slope is obviously less than that of the latter. Cr(VI) in supernatant solution is 
predominant when the initial concentration of Cr(III) added is below 4 mmolL-1, while Cr(III) gradually 
replaces Cr(VI) and become predominant form when the init ial concentration of Cr(III) added is higher 
than 4 mmolL-1. Furthermore, the predominance of Cr(III) become more and more significant. 
The oxidation rate of Cr(III) on birnessite decreases with increasing the amount of Cr(III) added 
initially, and the maximum reaches 65.9%. This indicates that that oxidation capability of birnessite to 
Cr(III) is quite strong, and thus influence on the speciation, bio-availability and toxicity of chromium. 
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